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Background: There has been no report regarding the results of two-level keyhole foraminotomy. The purpose of
this study was to detail clinical outcomes following consecutive two-level cervical foraminotomy (tandem keyhole
foraminotomy (TKF)) in patients with radiculopathy.
Methods: The authors conducted a retrospective review of 35 cases involving patients treated by a single surgeon
using TKF. Clinical symptoms, data of physical examinations, pathology and clinical outcomes were detailed and
discussed about this surgical method.
Results: Patients consisted of cervical disc herniation (CDH) (19/35), cervical spondylotic radiculopathy (CSR) (13/35),
and cervical spondylotic amyotrophy (CSA) (3/35). TKF was performed from C3 to C5 in 2 patients (6%), from C4 to
C6 in 7 patients (20%), from C5 to C7 in 23 patients (66%), and from C6 to T1 in 3 patients (8%). The mean operative
duration was 99.2 min (range, 72 to 168 min). The mean estimated blood loss was 55.8 g (range, 0 to 200 g). Radicular
pain was relieved within 3 months in 88% (29/32) and in 97% (31/32) at final follow-up. Resolution of muscle weakness
was recognized within 6 months after operation in all CSA cases. Sixty-six percent of patients showed a greater than
20% deficit in grip weakness on the affected side compared with the normal side. After pain was relieved, grip strength
improved by more than 15%.
Conclusions: TKF is a safe and highly effective procedure for patients with cervical radiculopathy and does not
require invasive preoperative examinations. Further investigation is required to determine the effects of consecutive
facetectomy.
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Cervical radiculopathy is common among middle-aged
to elderly individuals and is usually caused by cervical
disc herniation or bone spurring from cervical spondyl-
osis. Symptoms include neck pain, arm pain, motor
weakness, and decreased sensory perception, depending
on which nerve roots are compressed. Cervical radiculo-
pathy can be treated conservatively or surgically; most
cases can be treated with conservative therapy [1], but* Correspondence: hterai@med.osaka-cu.ac.jp
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unless otherwise stated.those that are refractory to conservative therapy are
candidates for surgical intervention.
The two main surgical approaches are anterior and
posterior. The anterior approach, anterior cervical de-
compression and fusion (ACDF), is now widely accepted
and is performed in many institutions because of ease of
exploration and setting; however, there are many disad-
vantages, including symptomatic adjacent disc disease,
postoperative dysphagia [2,3], and the risk of donor-site
morbidity. The benefits of posterior decompression for
cervical radiculopathy, or laminoforaminotomy, have been
demonstrated by several authors [4-6]. One advantage of
posterior cervical foraminotomy (PCF) is the avoidance of
fusion and preservation of range of motion, which mayd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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Another advantage is that surgeons can visualize the
compressed nerve root directly and confirm the
decompression. Because PCF presents limited risks of
damage to paravertebral muscles and facet joints [7] and
esophagus, we prefer keyhole foraminotomy as PCF for
cervical radiculopathy because the procedure is less inva-
sive and because it produces excellent outcomes and
lower complication rates [8].
Although there are many reports on PCF, few reports
on multilevel keyhole foraminotomy exist. In the present
study, we performed two-level keyhole foraminotomy
(tandem keyhole foraminotomy (TKF)) in 35 consecutive
patients. The purpose of this report is to detail our
surgical method and to examine the clinical outcomes
following TCF in patients with cervical radiculopathy.
Methods
Patient characteristics
Between August 2008 and October 2013, TKF was
performed in our department and affiliate hospital on 35
patients with cervical radiculopathy. All patients had
received more than 3 months of conservative treatment,
including cervical epidural steroid injection. Patients who
had myelopathy or past cervical surgery were excluded.
Preoperative and perioperative data were obtained from a
review of patients' charts and clinical results obtained post-
operatively. For each patient, diagnosis (cervical disc her-
niation (CDH), cervical spondylotic radiculopathy (CSR),
cervical spondylotic amyotrophy (CSA)), duration of symp-
toms, age, sex, neurological findings (muscle weakness,
sensory disturbance, deep tendon reflexes, results of
Jackson and Spurling tests, and grip strength of both
hands) [9], primary cervical level involved, operated levels,
operative duration, estimated blood loss, complications,
and time to pain relief were obtained from medical
records. The patients were followed up until they had
been pain-free for more than 1 month or until there was
appreciable recovery of muscle strength.
Selection of surgical levels
Surgical levels were first determined by neurological
examinations, then confirmed by magnetic resonance
imaging (MRI) and functional X-rays obtained in flexed,
neutral, and extended positions of the neck as refer-
ences. No patient had undergone selective nerve root
block or myelography to determine the responsible level.
Neurological examinations included manual muscle
testing (MMT), sensory loss, and deep tendon reflex.
We placed more importance on the neurological exam-
ination because MRI alone is not sufficient to determine
and confirm the surgical level.
We first determined the primary responsible level. We
considered the key muscle of each nerve root to be thefollowing: C5, deltoid; C6, biceps and wrist extensors
(WEs); C7, triceps, wrist flexors (WFs), and extensor
digitorum communis (EDC); and C8, abductor pollicis
brevis (APB) and abductor digiti minimi (ADM). If the
patient had weakness in the above-mentioned muscles,
we considered the associated spinal level to be respon-
sible. If patient had multilevel muscle weakness, the
nerve root associated with the weakest muscle was
considered responsible. If two representative muscles
showed the same weakness, we considered both to be
responsible levels. If there was no muscle weakness, we
used area of sensory disturbance as the next most
important reference. After the determination of primary
responsible level, operative levels were determined. Op-
erative levels were the primary responsible level and its
adjacent level, determined by the distribution of sensory
loss and the area of radiating pain, as reported by Tanaka
et al. [10]. If there was neither muscle weakness nor
sensory disturbance, disc degeneration by MRI was used
to determine the operative level. The most affected levels
were C5-6 and C6-7.
Surgical technique
All patients were placed prone in reverse Trendelenburg
position with the head positioned in a Mayfield fixator.
After identifying the operative level using fluoroscopy,
a 3- to 3.5-cm incision was made just off the midline
at the target level. After subperiosteal dissection of the
paravertebral muscle from the lamina, the METRx™
Quadrant system (Medtronic Sofamor Danek, Memphis,
TN, USA) was used for retraction (Figure 1). We did not
use the intramuscular approach using tubular retractors
because of the muscle density in this area, which we
feel is too high for a 25-mm-diameter retractor. After
re-confirmation of surgical levels with lateral plain X-ray,
we performed keyhole foraminotomy at two consecu-
tive levels under the utilization of operative micro-
scope to facilitate illumination and visualization of
cervical nerve roots. The keyhole was a circle with a
radius half the length of the facet (Figure 2). Decom-
pression was performed until both proximal and distal
pedicles were confirmed longitudinally, and a probe
was easily inserted into foramen laterally. No soft disc
herniation was removed; we believe the pathology of
cervical radiculopathy is the impingement, which can
be released by removing counterparts of herniation or
bony spur, and removal of extruded disc may have a
potential risk of excessive retraction causing motor palsy
(Figure 3) [11,12].
After the surgical bed was irrigated with normal saline,
suction drainage was placed in the area of the resected
laminae and kept in place for 24 to 48 h or until drain-
age was reduced to less than 100 mL/day. A cervical
collar was used only a couple of days after surgery.
Figure 1 Retraction system and TKF. (A) METRx™ Quadrant. (B) Tandem keyhole foraminotomy as seen through the Quadrant.
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The Chi square test and Mann-Whitney U test were
applied for the comparison of pre- and postoperative global
results and patient's characteristics. The descriptive assess-
ments and analytical statistics were performed, depending
on the group characteristics with the program package
SPSS (IBM Co., New York, NY, USA). A positive signifi-
cance level was assumed at probability of less than 0.05.
Results
Patient characteristics and presenting symptoms
Patient characteristics by diagnosis are presented in
Table 1. Patient's age of CSA was significantly older thanFigure 2 Postoperative 3D CT view. Tandem keyhole foraminotomy
was performed in C5/6/7. Half of the facet joints were preserved.
The lateral border of vertebral body was recognized through the
decompressed hole.CDH and CSR. CSR was more common in male. Estimated
primary responsible levels and operated levels are pre-
sented in Table 2. C5/6 (31%), C6/7 (14%), and C5/6/7
(34%) were more common affected levels in this series.
Most operated levels were C5/6/7 (66%), followed by C4/
5/6 (20%). The mean follow-up period was 6 months. The
mean duration of symptom before surgery was 2.9 months
(1 to 4 months) in CDH, 3.5 months (1 to 12 months) in
CSR, and 7.0 months (1 to 12 months) in CSA.
Clinical follow-up
One patient required reoperation and debridement
because of deep infection due to preexisting severe
atopic dermatitis. Another required wound treatment
because of incomplete healing of the superficial wound.
Radicular pain was completely relieved within 1 month
in 11 patients (32%) and within 3 months in 18 patients
(51%). One patient (3%) who experienced pain and had
negative Jackson and Spurling tests preoperatively did
not respond to surgery [13]. One patient who had had
negative impingement signs but muscle weakness at pre-
operative examination recovered muscle strength by
6 months after surgery (Table 3). All patients diag-
nosed with cervical spondylotic amyotrophy had manual
muscle testing level 1 muscle weakness in the deltoid that
recovered to level 3 in one patient and level 5 in two
patients.
Twenty-three patients (66%) had a greater than 10%
deficit in muscle strength compared with the normal
side preoperatively (mean, 77.6% of contralateral muscle
strength; range, 22.7% to 106.1%). Eighteen patients
(51%) still had a more than 10% deficit in grip strength
at final follow-up; however, average grip strength im-
proved to 89.3% of the normal side. An average of 15.3%
of patients in the improved group had increased grip
strength; however, three patients showed a decrease
(Figure 4). No patient demonstrated kyphotic or alignment
change on cervical plain X-rays at final follow-up.
Figure 3 Scheme of the operative site. N, nerve root; P, pedicle; H, herniated disc or bony spur. Left: posterior view of the operating field.
Decompression must be done until both proximal and distal pedicles were confirmed. Right: nerve root can be shifted posteriorly after
appropriate decompression. Herniated discs or bony spur need not to be removed.
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Cervical radiculopathy is a common condition that pro-
duces radiating pain, paresthesias, motor weakness, and/
or diminished reflexes associated with impingement of
one or more cervical nerve roots. Schoenfeld et al. have
reported that the incidence of cervical radiculopathy is
1.79 per 1,000 persons, and individuals older than 40
years, females, and white races in military service are at
higher risk [14]. There are many therapeutic options for
cervical radiculopathy: surgery, physiotherapy, medica-
tion, and a variety of blocks, and treatment vary by doc-
tor. Persson et al. reported that in treating patients with
persistent radicular pain, cervical collar, physiotherapy,
and surgery are equally effective in the long term [1],
and many orthopedists, including spine surgeons, agree
with this and never recommend surgery to their patients.
However, some patients do require surgery and are
satisfied with their results.
Surgical treatment of cervical radiculopathy is divided
into two major categories: anterior approach and poster-
ior approach. Anterior approach includes traditional
ACDF, artificial disc replacement, and anterior transcor-
poreal disc resection [15,16]. Postoperative dysphagia and
risks of violation of the esophagus or recurrent laryngeal
nerve during operation are well-known complications of
anterior cervical approaches, although each method canTable 1 Patient's characteristics by diagnosis
CDH (n = 19) CSR (n = 13) CSA (n = 3)
Age (years) 49.4 (29 to 73) 52.8 (33 to 72) 69.3 (64 to 74)
Gender (M:F)*,** 12:7 13:0 3:0
Number of patients with
muscle weakness
12 (63%) 9 (69%) 3 (100%)
Number of positive Jackson
and Spurling tests
19 (100%) 11 (85%) 0 (0%)
Duration of symptoms
(months)
2.9 (1 to 4) 3.5 (1 to 12) 7.0 (1 to 12)
*P < 0.05 (significance between CDH vs CSR). **P < 0.05 (significance between
CDH/CSR and CSA).produce good clinical results. ACDF is often performed in
young patients; however, ACDF has been shown to
accelerate adjacent disc degeneration [17]. In addition,
the treatment costs of ACDF and artificial disc replace-
ment are high compared with those of other decom-
pression surgeries [18].
Since the posterior approach was first developed by
Northfield in 1955 [19], many surgical modifications
have been developed to minimize its surgical invasion
and comorbidities such as cervical kyphosis and neck
pain [20]. Cervical foraminotomy using a microscope
was first reported in 1983 by Williams, who found that
96.5% of patients had resolution of intractable radicular
pain within 3 days [5]. In the same year, Henderson
et al. also reported clinical details of their 15-year
experience of 846 operated radiculopathy cases, in which
pain relief was also achieved in 96% of patients [4].
Neither paper reported cervical instability nor major
complications such as those seen after ACDF, and their
conclusions were that the advantages of posterior fora-
minotomy were lower complication rates and effect-
iveness at relieving pain. Our results also showed that
97% of patients could be relieved from pain at final
follow-up.Table 2 Estimated primary responsible levels and
operated levels (%)






C3/4/5 0 2 (6%)
C4/5/6 1 (3%) 7 (20%)
C5/6/7 12 (34%) 23 (66%)
C6/7/T1 1 (3%) 3 (8%)
Table 3 Time until radicular pain disappeared
Number of patients (n = 32)
Less than 1 month 11 (32%)
1 to 3 months 18 (56%)
3 to 6 months 1 (3%)
More than 6 months 1 (3%)
Not responded 1 (3%)
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determine the responsible level and operative levels. Disc
herniation and dural displacement are easily detectable
in MRI, but osteophytic nerve root or dural compression
is more easily detectable on myelogram and myelo-CT.
However, we seldom use myelogram because of toxicity
of the contrast agent and patients' potential allergic reac-
tions. It is still difficult to define a lesion using only MRI
because MRI cannot provide sequenced slices, although
the resolution of MRI is now greatly improved. In cases
of multilevel degeneration in particular, it is impossible
to decide the responsible level using only MRI and risky
to proceed on that basis. For this reason, we employed
mainly neurological findings to determine the respon-
sible level. In this series, we obtained functional X-rays
at every visit; however, they were used only to check
instability pre- and postoperatively. In the reports of
both William and Henderson et al., myelogram was
performed preoperatively to determine the surgical level,
although 76% of patients in series of Williams and 80% ofFigure 4 Grip strength (kg) of pre- and post-operation shown in sym
vs pre-symptomatic. **P < 0.01: post-nonsymptomatic vs post-symptomaticthose in the series of Henderson et al. underwent multi-
level surgery because of the difficulty of determining the
responsible level using only myelogram [4,5].
The primary responsible level in this series was deter-
mined by the combination of preoperative neurological
examinations such as sensory disturbance, muscle weak-
ness, and tendon reflex [13]. Checking of muscle weak-
ness was more reliable than other tests. Dermatomes of
sensory disturbance and tendon reflexes were used as
secondary determinants of responsible levels or for refer-
ence. Electromyography may be helpful in determining
the single responsible level; however, it is not a perfect
predictor because each muscle is usually controlled by a
number of nerves. Intraoperative use of electromyog-
raphy and preoperative selective nerve root block are
ideal if patients are not averse to the invasiveness of
these diagnostic procedures. Henderson et al. reported
the accuracy of estimated responsible levels using
imaging and preoperative examinations to be 73% for
C5-6, 80% for C6-7, and 43% for C7-T1 [4]. Because it
can thus be concluded that the responsible level for
radiculopathy is not perfectly predicted by neurological
examination and image analysis, we employed TKF.
An advantage of TKF is promising clinical results
without any invasive preoperative examinations such as
myelogram, electromyography, or selective nerve root
blocks. Greater than 97% of our patients were relieved
of radicular pain or muscle weakness. These results are
comparable to those in the reports of Williams and
Henderson et al. [4,5]. Another advantage is that we couldptomatic and non-symptomatic side. *P < 0.01: pre-nonsymptomatic
. ***P < 0.01: pre-symptomatic and post-symptomatic.
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in the same patient. However, further study is required to
investigate the accuracy of estimation of the primary
responsible level. A disadvantage of TKF may be the add-
itional damage to soft tissues and facet joints at unaffected
levels compared with single-level surgery. There was little
difference in the size of skin incision and muscle detach-
ment between one or two levels because two adjacent
levels are usually in the same operating view when the
Quadrant retractor system is used. An attempt should be
made to preserve facet joints to prevent cervical deformity,
but in this series, only 50% of facet joints were resected
and no deformities were observed after operation. How-
ever, until longer follow-up study is accomplished, this
result is not conclusive.
It is noteworthy that 66% of patients showed a greater
than 20% deficit in grip strength on the affected side
compared with the normal side. Grip strength weakness
cannot be explained by nerve root irritation due to
single-level radiculopathy; however, it is well recognized
clinically [21,22]. We showed that grip strength im-
proved by more than 15% when pain was relieved. In
our analysis in the present study, we did not consider
hand dominance.
The limitation of this study was the short-term follow-
up period. Degeneration of operated and adjacent levels,
recurrence rates, and changes of cervical alignments
should be evaluated and discussed in further studies.Conclusions
TKF is a safe and highly effective procedure for patients
with cervical radiculopathy and requires no invasive
preoperative examination. Further investigation into the
effects of consecutive facetectomy is required.
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